INTERNATIONAL EﬂIIFENEIKE

OCTOBER 4-7,2011 RUSS HBSCWIIESMN DUBNA
o TOPICS™ * comae oy
T - 1| N~4 SYM theory
A o PR 1! - 2] CENgE
b o A L2 “lb\\nlwgdulhly
Yy Nl R e Y 3 Integrable models
o vy 1 b AL = ‘« =1 ‘
AE s e A Ly i
h
S
: Y

calculations

N P . Progress in multiloop
Karlsruher Institut fur Technologie

Is beyo
\] he '\l |n|hrd M odel

Where is SUSY?

. :;-.;7:.-_'-"—'-— gd.lﬂ.ﬂ’

Institut fir Experimentelle Kernphysik

SUSY particles

RKENIRGY . 220 DaRk MATTER
.

|
| 3.6% INTERCALACTIC GAS
0.4 % STARS, ETE.

Squarks Q Sleptans 0 5USY force
particles

KIT — Universitat des Landes Baden-Wirttemberg und
nationales Forschungszentrum in der Helmholtz-Gemeinschaft



ot 7,
o o o e,
N eq\dea ((\G\eé ‘8 0;;8 9 &J(IT
Qe ‘\“\f\‘"‘ N 0% o 9 e 1
A\ et’ 4 O% e o V)
e\ ‘(\(“ Q x X o, 'a
cx\e‘g Qe(‘?i 6\9‘9“ ““e“ Yr o ,”70%
esea( 6“ AL \\‘]‘5\ ‘“‘“e 'S o, lOf
® °¢0'a\\e«\a“\l QC)\G‘5 ' GS/ b,) WO/»
% et o™ $» Dy,
W \69 Q['
oY s

If supersymmetric particles exist, B-
mesons ought to decay far more often

than if they do not exist.
CDF found hint, but LHCb and CMS

failed to find this effect.

Where is SUSY? Where do we stand?

From: http://www?2b.abc.net.au/science/k2/stn/newposts/5218/topic5218766.shtm
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Open questions in Standard Model

Magic solution: SUPERSYMMETRY AT
What is origin of mass? Radiative electroweak symmétty/ Breaking
What is origin of dark matter? Lightest SUSY particle (LSP)
Why 3 different gauge groups? Unified group broken at lower energies

Why 3 different coupling constants?  Gauge couplings unified at high energy
Why so large mass differences in third Yukawa couplings unified at high energy
generation?

Larger groups require right-handed
Why do neutrinos have mass at all?  neutrinos. Mass suppressed by see-saw.

What to do with quadratic divergencies? They are canceled in SUSY

Why large hierarchy between Connected by radiative corrections in
Planck scale and electroweak scale? Supersymmetry

Why quark charges 1/3(2/3) of lepton  Connected in unified theories
charges?
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Precise measurements of couplings at LEP->
Unification in SUSY ﬂ(IT

Karlsruher Institut far Technologie
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U. Amaldi, W. de Boer, H. Flrstenau, PL B260(1991)
vy, (va, crg coupling constants of electromagnetic —, weak—, and strong interactions

1/a ~ log Q? due to radiative corrections (LO)
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Constrained Minimal Supersymmetric Model (MSSM) ﬂ(l'l'

\jmg_l_uz Mass unification at
QMo o GUT scale:
| @gﬂeézﬂiﬁiﬁ??ﬁy ° m, for scalars
: Br%r %l &@@g* . m,, fur S=1/2 gauginos
L. QQ B m,,m, for Higgs
b 1 & & |
: K o)& ~ Lightest Supersymmetric Particle =LSP
N ~ =Neutralino (=Photino » S=1/2 Photon)
5 § 5
m, <0 by radiative corr. o« mtop
m, <0 at electroweak scale
_ for 140<mtop<200 GeV.
My BINGO, mtop predicted by SUSY
D BEFORE observation
0 25 &5 75 1012515175 20 mtop =171 + 1.3 GeV
log, ,(Q/GeV)

So SUSY connects, MGUT, mtop and m, correctly and predicts Higgs mechanism

with lightest Higgs around 120 GeV (and it fits LEP electroweak data)
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Phenomenology studied together with Dmitri Q(IT

Top constraint Triple unification at large tanB
2 solutions: Quasi-fixed endpoints->
low tanp high tanp In SUSY mtop, mb,mtau indep.
J! of initial GUT conditions
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10 years ago... ﬂ("'
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WdB, M."‘HUber, C Sander and DI Kazakov, Hn\'&rﬂrﬂ; it was llecmﬂ}r S‘u_ggegted t]:lat irl t]:le
A Global Fit To g-2 and bsgamma In The CMSSM,,

theoretical calculation one should use the running
PLB 515(2001) 283. c-quark mass in the ratio m./mjp, which reduces
this ratio from 0.29 to 0.22 [14]. The SM value
for b — X,y increases from (3.35 + 0.30) x 104
to (3.73 £ 0.30) x 10~* in this case. This value is
1.7 above the most recent world average of (2.96 =
0.46) x 10~*, which is the average from CLEO
((2.85 & 0.35q4a & 0.2242) x 107%) [15], ALEPH
((3.11 £ 0.80stat = 0.72555) x 107*) [16] and BELLE

BR(b — X,y) = (2.96 + 0.46) x 10~* [15-17] and
Aay = (43 £16) x 1071° [1], which shows once

«  QTTEN ~

Brin —Xg) < 10"

b->sy 2001 b->sy 2011

SM: 3.73.10%4 J SM: 3.15(23).10
EXP: 2.96.104 | EXP: 3.55(24).10

2001: b—sy <SM, as expected
for u>0 from g-2 and A,=0
2011: : b—>sy>SM ->tension
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Dubna SUSY Conf. 2001 AT
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Dubna SUSY Conf. 2001 AT
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Visiting KARLSRUHE &J(IT

Karlsruher Institut far Technologie
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CMS limits on SUSY parameter space ﬂ(IT

Karlsruher Institut far Technologie

arXiv:1109.5119
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squark and gluino masses above Electroweak production
around 700 GeV at 95% CL dominates (pp->xx)
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Strongest constraint from cosmology:
WIMP annihilation cross section ._\\__‘(IT

T>>M: f+T-_>|\/|+_|\A; M+M->f+f

T<M:  M+M->f+f

Actual abundance T=M/22: M decoupled, stable density
—— (When annihilation rate =z expansion-

Thermal equilibrium abundance

o.m T

oo > ! rate, i.e. I'=<ov>ny(X) = H(xg) 1)
10";-;) 1

2 IS nereasing <o> | WMAP -> ©Qh?=0.113+0.009 ->

E 10--;;5 1 <oVv>=2.102%cm3/s

e = T e 1

E::T [% ¢ ! DM increases in Galaxies:

g R 1 ~1 WIMP/coffee cup ~10° <p>.

e = ¢ 1 DMA (ecp?) restarts again..

N

© o fE 1 Annihilation into lighter particles, like
::ES T=M/22 : quarks and leptons -> ny’s -> Gammas!
oo R Only assumption in this analysis:

-

o/ (e o x=m/T  WIMP = THERMAL RELIC!

Gary Steigmann
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) . - " |
Relic Density Constraint determines tanf3 ! ﬂ("’
arXiv:1008.2150

Problem: for excluded m‘Lrst diagram too small. Last 3 diagrams also
small — can get correct rellc density by m, s-channel annihilation
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m, can be tuned with tan for any m,, — tanf = 50 (see next slide)
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Relic Density Constraint — Dependence on tanf3 ﬂ(".

Karlsruher Institut fir Technolo: gie

V
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m, Cross sections oc tanp? AT
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What about Higgs m, limit?

CMS Preliminary 2011 1.1 fb"

0

100 150 200 250 300 350 400 450
m, [GeV]

(CMS PAS HIG-11-009)
Atlas similar

For tanf3 = 50
m, > 440 GeV

Wim de Boer, IEKP
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arXiv:1109.6775
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B. — Mg depends on tan®p and A, -\\._‘(IT

arXiv:hep-ph/0203069v2
(Cs = CY[ | |(Cp—Cp)
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If both, A, and tan, varied, little exclusion from Bs->p ﬂ(IT

1000 I
800 | -
? 600 ? 95% CL excluded
S S
= 400 | = “ \
E - E
200 |
0- | s 0-....I....I....I....I
0 500 1000 1500 2000 0 500 1000 1500 2000
my [GeV] my [GeV]
B.<1.1 108 arXiv:1109.6775 Hypothetical limit:

B.<0.66 10 (2x SM)

Limits from Bs->up smaller than limits from direct searches/cosmology
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95% CL exclusion from cosmology/EW -\\J(IT

® Allowed parameter space (95% CL contour) in the my-m,,,
plane including all constraints
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05% C.L. exclusion contours in 2011 ﬂ(".
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http://de.arxiv.org/abs/1109.6775�

Direct Detection of WIMPs AT

Karlsruher Institut far Technologie
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Experimental limit has uncertainties from assumptions on halo clumpiness, rotation
Theoretical prediction has uncertainties on nuclear form factors (factor 5-10)
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Including Direct Dark Matter Search ﬂ(“‘
from Xenon-100 arXiv:1104.2549

Problem: yN scattering cross sections depends on form factors

Lattice has strange quark content in nucleus similar to light quarks (arXiv:0806.4744v3)
To be conservative use the smaller form factor-> excluded region small!

arXiv:0803.2360v2
minimum

1000 | I 10 aximum
_ fP=0Q fP=0.023
800 r1 8
s T _0.026; fP=0.033;
g £9-0.02 17 =026
- g 400 — Y " =0014; f=0.018;
I 200 | f”=0.036; frP=0.042;
N !fp—()oz 2 —0.26 |
- 0 500 1000 1500 2000
g mg [GeV] 00c

e [GE
Red=95% C.L. excluded by combined EW / Higgs limits
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Supersymmetry in Particle Physics and Cosmologyﬂ("’

Karlsruher Institut far Technologie
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